To analyze whether different volumes of tissue resected during transurethral resection of the prostate (TURP) would associate with the subsequent development of prostate cancer.
Introduction
Prostate cancer represents one of the most common cancers in men in the United States of America and remains the third-leading cause of cancer death in 2017. [1] More than 80% of men with prostate carcinoma also have benign prostate hyperplasia (BPH). [2] BPH and prostate cancer share many factors in common, including hormone-dependent growth and response to antiandrogen therapy, and the fact that they both predominantly occur in elderly males. [3] Furthermore, studies have shown that chronic inflammation, metabolic disorder, and genetic variation are all risk factors for both of these diseases. [4] [5] [6] [7] Even though BPH and prostate cancer have so many factors in common, current studies remain controversial in that some refer to BPH as a precursor of prostate cancer; instead, BPH may increase the chance of diagnosing an incidental prostate cancer because patients seek treatment for the relief of their symptoms. [8] [9] [10] [11] [12] Transurethral resection of the prostate (TURP) has been widely used as the primary surgical choice to treat obstructive uropathy. TURP-induced surgical trauma could promote the growth of tumor cells, [13] although a 10-year cohort study showed that neither BPH, nor TURP, would increase the risk of developing prostate cancer in patients with BPH. [14] However, the surgical procedures also could resect the potentially Editor: Victor C. Kok.
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carcinogenic prostate tissue and decrease the development of early aggressive tumor. [15] Previous studies are primarily focused on the potential adverse effects of TURP. [16] [17] [18] [19] [20] [21] [22] [23] To the best of our knowledge, there has been no previous cohort study which has examined the association between resected prostate weight and the postoperative incidence of prostate cancer. The purpose of our study was to examine whether different weight of tissue Figure 1 shows a flowchart which describes the way in which patients were selected. The NHIRD recorded the patient's date of diagnosis, the date of the medical procedure, and the date of ICD-9. Thus, between January 2005 and December 2012, we collated 54259 patients with a BPH code and a TURP date following diagnosis. The dates of TURP for BPH were defined as the index date; this also represented the start of the followup time during which we were looking for the occurrence of prostate cancer. Of these, 4163 patients with prostate cancer coded before the TURP date, we excluded 79 patients with intraoperative death and 811 patients who died post operatively, or were newly diagnosed with prostate cancer within two months postoperatively. [24] Thus, 49,206 patients remained in our cohort study. We separate these patients into three groups, based on the different weight of tissue resected during TURP (5-15 g, 15-50 g, >50 g). Table 1 shows the proportion of patients assigned to these three groups. Over the course of the follow-up time, there were 633 patients diagnosed with newly onset prostate cancer, but no prostate cancer coded for the remaining 48,573 patients.
Study population
Preoperative comorbidity was ascertained from medical records held by the inpatient or outpatient departments using ICD-9-CM codes for further analyses: diabetes mellitus (250), disorders of lipid metabolism (272), hypertension (401-405), acute kidney failure (584), chronic renal failure (585-586) and liver disease (456, 571-572).
Statistical analysis
We used SAS statistical software, version 9.3, (SAS institute Inc, Cary, NC) to evaluate our data. We set a P-value <.05 as statistically significant. The Pearson's chi-squared test, and two-sample t-tests, were performed to evaluate if patient's age, different resected tissue weight, and preoperative comorbidity, contributed any risk to the new onset of prostate cancer. Cox proportional hazards regression modeling was also conducted to estimate the hazard ratios for new onset of prostate cancer with the 15-50 g group as the baseline to compare with the 5-15 g and >50 g groups. Finally, Kaplan-Meier analysis was used to estimate the cumulative probability of prostate cancer developing during the follow-up period in patients who received TURP.
Results
Of the 49,206 patients recruited into our study, 633 patients were diagnosed with new onset of prostate cancer following TURP while the remaining 48,573 patients had no occurrence of prostate cancer during the study period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . We separated these patients into two groups; Table 2 shows the demographic data for these patients. Older age was shown to be a risk factor contributing to the onset of prostate cancer, with a mean age of 72.25 versus 73.01 years (P = .0196). Different weight of tissue resected were also statistically significant and reflected the idea that resected weight might be a risk factor contributing the occurrence of prostate cancer (P = .0399). All other preoperative comorbidities showed no statistical difference between these two groups (P > .05).
To compare the hazard ratios with regards to the new onset of prostate cancer by different weight of tissue resected, Table 3 shows the result of three groups. The medium weight of 15-50 g group was set as the baseline and used for comparison with the other two groups. In the age-unadjusted comparison, the group with the smaller weight (5-15 g) had a higher risk of prostate cancer with a hazard ratio (HR) of 1.210 (95% confidence interval [CI]: 1.026, 1.428); P = .0235). For the larger weight group (>50 g), although the HR was 1.294 (95% CI: 0.994, 1.684), there was no statistical significance (P = .0553). In the age-adjusted comparison, the smaller weight group had a higher risk of prostate cancer with an HR of 1.221 (95% CI: 1.035, 1.440; P = .0179) and the group with a larger weight was not statistically significant with an HR of 1.277 (95% CI: 0.981, 1662; P = .0690).
For reference, Table 4 shows the comparison between our study group and the general population in terms of the Table 1 Groups by resected volume. To understand the association between different sizes of tissue resected and the incidence of prostate cancer, Figure 2 shows unadjusted Kaplan-Meier curves for the cumulative probability of prostate cancer occurring during the follow-up period after patients had undergone TURP.
Some previous studies have shown that there is an inverse relationship between prostate size and the incidence of prostate cancer, [25] [26] [27] which means that the larger the prostate size, the lower the risk of developing prostate cancer. Hong et al [28] used preoperative magnetic resonance imaging (MRI) to assess preoperative prostate volume in 1756 men and examined their pathological outcome after radical prostatectomy. The results showed that smaller prostate volume was associated with a higher pathological Gleason score (≥7). Another study also found that patients with a smaller resected prostate volume had a higher grade of tumor and were at increased risk of biochemical progression following radical prostatectomy. [29] 
Discussion
This study demonstrated that the smaller the weight of prostate tissue resected during TURP, the higher the risk of prostate cancer developing postoperatively. However, for those who were already diagnosed with prostate cancer, undergoing TURP would increase the risk of metastasis. [30] For this reason, we excluded patients from our initial data collection who were diagnosed with prostate cancer within two months of undergoing TURP.
There are potential adverse effects in patients receiving TURP. Postoperative complications include bleeding, urethral strictures, infection, and urge incontinence. [16] [17] [18] [19] [20] [21] [22] [23] To our knowledge, there is no long-term cohort study to evaluate the association of resected weight of prostate and post-operative prostate cancer incidence in patients receiving TURP. Currently, there is no clear mechanism to demonstrate the relationship between prostate volume and the incidence of tumors. Some of the possible explanations are described below. First, serum androgen level may be a causative factor. Since the growth of prostate volume is androgendependent, [3] Schatzl et al [31] found that patients with a high Gleason score for prostate cancer had lower levels of testosterone and estradiol. Therefore, patients with a smaller prostate volume might have a more aggressive tumor. However, Monda et al. [32] found that serum testosterone level was unable to predict either prostate volume or tumor grading. Second, another factor might be difficult in spreading. Enlargement of the BPH-related transition zone might restrict the epithelial cells on the peripheral zone, thus causing atrophy or apoptosis of these epithelial cells and therefore reducing the risk of a tumor developing in the transition zone. [28] Finally, another factor might be the surgical removal of prostate tissue. Patients with a larger prostate volume might develop lower urinary tract symptoms earlier and then seek professional help. Surgery represents a way to remove the obstruction and thus relieve discomfort. As a result, it is possible that surgical procedures might remove the potentially carcinogenic prostate tissue and thus reduce the risk of an aggressive tumor developing in the future. [15] Cox proportional hazardous regression modeling was used to estimate the hazard ratios for new onset of prostate cancer with the 15-50 g group as the baseline to compare with the other groups. HR = hazard ratio. 
Limitations and strengths
This population-based cohort study may have several limitations. First, we used ICD-9-CM codes to collect data from the NHIRD database; we must consider that there may have been coding mistakes due to human error. Thus, incorrectly coded data may have misled our analysis. The major risk factors of prostate cancer are age, race/ethnicity, and family history, and the most common factors trigger prostate biopsy are abnormal PSA and digital rectal examination. However, the database lacked clinical information, including preoperative serum PSA level, androgen level, prostate volume, postoperative pathological reports, and clinical tumor stages. As a result, the relationship between resected prostate weight and the aggressiveness of the prostate tumor could not be confirmed since we lacked the pathological reports to support these investigations. Strengths of the study are the long-term cohort method in a nationwide population. Our study had a relatively large number of patients and a long followup duration compared to other studies.
Conclusion
This population-based study in Taiwan showed that BPH patients with a smaller weight of tissue resected during TURP had a higher incidence of prostate cancer. Thus, the importance of postoperative surveillance should not be neglected. Future prospective studies are now needed to clarify the relationship between the prostate resected weight and aggressiveness of prostate tumor.
